T he collapse of the Tacoma Narrows bridge, which made the front page of the New York Times on Nov. 8, 1940 , along with the bombing of Berlin and London, is a very popular topic in introductory physics classes. The film of the collapsing bridge 1 is frequently shown to students and has been treated in the past as a dramatic case of destructive resonance and oscillation. The collapse of the bridge is discussed in many textbooks, and the great interest in this event prompted us to develop a simple, real-time demonstration to illustrate how this type of motion can develop.
Some interesting clues to the mechanism that led to the collapse were important in developing this demonstration. The bridge was nicknamed "Galloping Gertie" even before it was opened because it undulated so much. It was extremely narrow in relation to its span, and had solid stiffening girders along its sides. The chief engineer in charge of construction blamed these girders for the collapse. 2 There has been a great deal of discussion and there are some widespread misconceptions about the collapse of the Tacoma Narrows bridge. The explanation for the failure of the structure given in many textbooks identifies "forced resonance (periodic natural vortex shedding)" as the culprit. 2 This is incorrect, as pointed out in a definitive article by Billah and Scanlan. 3 The destructive torsional oscillation that caused the bridge to pitch at 45-
The Demonstration
We chose a large window fan to provide our "wind" and a small cardboard box suspended from supporting rods by a harness fashioned from rubber bands as our nonstreamlined body, analogous to the bridge span (see Fig. 1 ). The key to this demonstration is an unstable combination of air speed and torsional stiffness of these rubber bands. The air speed can be changed in big steps with the fan motor speed controls, and in small steps by moving the fan closer or farther from the box.
The box is attached to two (horizontal) supporting rods so that it can oscillate freely (see Fig. 2 ). The rubber bands (Staples Brand premium, degree angles and subsequently collapse has been frequently attributed to an external periodic force produced by the wind as it blows across the bridge. The actual source of the oscillations was determined to be an aerodynamic, self-induced force triggered by the separated flow of air around the bridge span. 3, 4 Our demonstration shows very clearly that there is no external periodic force involved. The failure of the bridge should probably not be cited as an example of resonance at all. 5 In fact, the cardboard box that oscillates in our demonstration starts out completely stationary. The air from an ordinary window fan blowing on it starts the oscillatory motion that obviously comes from self-excitation. 3-1/2 x 1/8 in) provide the elastic restoring forces needed to develop the oscillations. As shown in Fig. 2 , three rubber bands are wrapped around the box and four more rubber bands are knotted around these three at four points. The four rubber bands are looped around the two horizontal supporting rods in pairs. The torsional stiffness is varied by adjusting how close each of the rubber bands in the pairs is to each other on the support rods. If the rubber bands in a pair touch, and form a triangle, the box empty videotape box both work very well. The dimensions don't seem to be critical, but the proportions may be. We used a 4½ x 6 x 2¼ in cardboard box.
With a little effort, it is possible to find a combination of "wind" and torsion that requires 10 to 30 seconds of wind to start oscillating. Figure 3 shows the box before and after the fan is turned on. It is a simple step from this demonstration to the discussion of a flag furled in the wind or a reed vibrating in a musical instrument.
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1. Videodisc, The Puzzle of the Tacoma Narrows Bridge Collapse (John T. Wiley, July 20, 1982 will have a two-point suspension and will rock with almost no effort. However, if they are separated by one-half to two inches, the resulting (wider based) four-point suspension will be much harder to rock. This is the most important adjustment needed to tune the system. The smallest fan that works for this demonstration has a l0-in diameter. The airflow over the top and bottom of the box must be uniform, so the box must be centered with the fan blades. A small cardboard box or 10" diam. fan (minimum) on medium or high speed 
